Introduction

33
Nitric oxide (NO) is a signaling molecule in many physiological processes and is produced by 34 different mechanisms depending on oxygen availability, pH, tissue and redox status (12, 14, 19, 29) . 35 In the presence of oxygen, NO is synthesized by nitric oxide synthase (NOS) enzymes and NO 36 subsequently gets oxidized to nitrite and nitrate or exerts its biological effects by binding /reacting 37 with heme groups, thiols or amines to produce iron-nitrosyl (FeNO), S-nitroso (SNO) and N-nitroso 
42
Nitrite is known to be involved in hypoxic vasodilation and to have cytoprotective effects during 43 lack of oxygen and subsequent reoxygenation (28). NO and nitrite reversibly inhibit complexes of 44 the electron transport chain and thereby contribute to metabolic depression, lower the production of 45 reactive oxygen species (ROS) during reoxygenation and limit apoptotic cytochrome c release (7, [FeNO+NNO] in the heart and selected other tissues (24, 37). This 53 points at an adaptive trait, protecting the tissues against damage during anoxia and subsequent 54 reoxygenation (11), and complementing other adaptive traits of hypoxia/anoxia-tolerant animals (2, 55 31). Whether the remarkable increase in cardiac NO metabolites is dependent on complete O 2 56 absence is unknown, and one objective of the present study was therefore to investigate if deep 57 hypoxia (1 < Po 2 < 3 mmHg) can elicit a similar response.
58
Extracellular nitrite appears to be shifted into tissues of hypoxic and anoxic fish, where it is used 59 for NO and SNO formation (16, 37). The extracellular reservoir is, however, not sufficient to 60 maintain or increase cellular [nitrite] during long-term O 2 lack, unless it is supplemented from other 61 sources. As freshwater fish can take up nitrite actively across the gills, and ambient [nitrite] often is 62 moderately elevated during environmental hypoxia, it has been hypothesized that ambient nitrite 63 could be taken up and used internally for NO generation during extended hypoxia/anoxia (22 higher in acutely exposed fish (Fig. 1B,C) .
176
In the heart ventricle, the cellular levels of nitrite and other NO metabolites were unaffected by Fig. 2A,B) , whereas heart NO metabolites 179 were maintained at normoxic levels during the more moderate hypoxia at Po 2 ≈18mmHg (Fig. 2) .
180
NO metabolite levels in other tissues (liver, brain, muscle, gill and kidney) were typically 181 unaffected by O 2 level in acute and chronic exposures, but there was a tendency of higher
182
SNO+FeNO+NNO levels in acutely exposed fish (data not shown). (Fig. 5A-D) . The levels of nitrite 199 reached about 4 µM in RBCs (Fig. 5A) hypoxia and elevated ambient nitrite (Fig. 5 I-J) .
205
In the gill, the mRNA expression of Nos2Bi decreased significantly with elevated ambient nitrite 206 treatment (Fig. 6C) , while the mRNA levels of other Nos variants (Nos1 and Nos2A) were 207 unaffected by treatment (Fig. 6A ,B) or below detection limit (Nos2Bii). The main finding of the present study is that crucian carp take up ambient nitrite and use it as a 218 source of cellular NO availability during hypoxia in a tissue-specific manner, with the heart being a (Fig. 3A) , as previously observed in hypoxic goldfish (16) and 224 anoxic crucian carp (37). Nitrite seems selectively redistributed to the heart but also to RBCs and 225 the liver, as shown by increased cellular [nitrite] in these tissues during deep hypoxia (Fig. 4, 5) . (Fig. 2) , while it increased in deep hypoxia (1 236 < Po 2 < 3 mmHg) both in experimental series 1 (Fig. 2 ) and series 2 (Fig. 4) exploring this possibility in a separate study, using alternative methods.
266
Inside the heart and other tissues, nitrite enter NO and SNO generating pathways in hypoxia, as 267 reflected by elevated levels of nitros(yl)ated compounds (Fig. 4, Fig. 5 ). In the heart Mb is the 
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In RBC and the remaining tissues investigated we found a tissue-and product-specific increase 287 in NO-metabolites during exposure to severe hypoxia combined with elevated ambient nitrite ( Fig.   288 4, 5).This is in accordance with previous studies on rats (4, 12) 
299
We did observe a progressive decrease in plasma [nitrite] with lowered Po 2 (Fig 1A) , whereas tissue 300 nitros(yl)ation products did not change acutely but only chronically (Fig. 2) , suggesting that more 301 than 10 min is required to establish the change. Similarly, while the characteristic increase in 302 cardiac [nitrite] was present after 1 day of deep hypoxia, it was not established after 10 min,
303
showing that a longer duration of deep hypoxia is required ( Fig. 2A) . This may be partly explained 304 by a lower temperature (15 °C in crucian carp compared to 37 °C in mammals) that decreases the 305 rates of involved transport processes and reactions (e.g. nitrite reduction). Also, internal O 2 stores 306 from the normoxic prehistory will postpone establishment of global deep hypoxia inside the fish.
307
One surprising observation was that NO-metabolites in both plasma ( Fig. 1 ) and tissues ( Fig. 2) 
308
were generally higher in the 10 min exposure groups when compared to the respective 1 day 309 exposure groups. We speculate that this is an effect of stress and increased swimming activity further future study.
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The gradual decrease in plasma [nitrite] with Po 2 (Fig. 1) 
